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LSUMMARY

The rolling effectiveness and drag of three types of spoiler con-
trols having potentially low actuating-force requirements have been
investigated. I?Eree-flightrocket-model tests were made near zero lift
of several arrangements of fu&span, trai13ng-edge jet spoilers, a
fixed (nonrotiting)vane spoiler, and two fuselage-mounted spoilers,
each in conjunction with a missile-type wing-bcdy combination over a
Mach number range between approximately 0.5 and 2.0. b addition to
the flight test of the vane spoiler, supplementarytind-tunnel tests
were conducted to determine a suitable shape for the autorotating vanes.

The tests showed that both the jet and vane spoilers provided posi-
tive rolJ”control over the test Mach number range. The fuselage-mouted
spoilers, which were located at the fuselage intersection of the wing
30-percent-chord line, were not satisfactory because tie direction of ~
roll.changed with Mach number. The jet spoilers were tested at zero
lift in conjunction with a simple inlet located at the wing tip. Changes ~
in the orifice arrangement revealed that the rolling effectiveness
increased nonlinearly with increased orifice area. This nome~ity

was attributed for the most part to differences in the flow losses
within the manifold. The jet impulse or thrust force was estimated to
have contributed between 10 and 25 percent of the total rolMng moment
of the spoiler, depending upon the Mach nuniber. Changes in the total
drag coefficient resulting from changes in the ‘orificegeometry were
negligible.
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INTRODUCTION

h view of a growing need for simplified missile controls having
low actuating-force requirements, an investigationhas been conducted
to determine the rolling effectiveness and drag of several spoiler con-
trols which are believed to satisfy this requirement. Among these are
the jet spoiler, tie vane spoiler, and the fuselage-mounted spoiler.
(See fig. 1.)

The jet spoiler consists %asically of an air inlet or another air-
supply source and a manifold to a spanwise slot or row of orifices in
the wing. Air ejected from these orifices produces, in addition to the
impulse, a disturbance in the flow over the wing which is believed to
be similar to the disturbance caused by a conventional spoiler. Earlier
tests of this device indicated that it was an effective lateral control
at low speeds. (See ref. 1.) The purpose of the present investigation
was to determine the rolling effectiveness of a jet spoiler at transonic
and supersonic speeds in conjunction with a simple inlet on an 80° delta-
wing, missile-_@e configuration. ficluded are sane effects of variations
in inlet and orifice size and orifice arrangement on the rolling effec-
tiveness and total drag.

The vane spoiler is a pulsing or flicker-me control which may
find application on short-range missiles where the drag problem is not
a primary consideration. As shown in figure l(b), the control consists
of two vane segnents oriented at right angles to each other and mounted
on a commn shaft on opposite sides of a wing. The vanes are mcdified
in profile or shape to autorotate; however, autorotation is limitedby
means of an escapement to a-r shaft increments of 1/4revolution.
Thus, the lift sense is controlled by restraining either the upper or
lower vane in a position to act as a spoiler. A promising feature of
this arrangement is that the necessary energy to operate the control is
derived primarily from the airstream. A tick of experimental data on
this type of control stimulated two separate but related investigations.
The first was part of another missile study to determine the feasibility
of vane spoilers as a possible control for the missile-guidance system
proposed in reference 2. To this end, a missile-type configuration
having 600 delta wings was flight tested with fixed spoiler se~nts
arranged to simulate one control position of a rotating vane spoiler.
Measurements were made of the rollhg effectiveness and drag for Mach
numbers between 0.6 and 1.7’. In the supplementary investigation qualita-
tive tests were made of a numiberof vane shapes to find a configuration
which would autorotate satisfactorilyat both subsonic and supersonic
Mach numbers. The present paper presents
investigations.

-

the results of botJ-
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The fuselage-mounte;dspoiler is located

3

on the fuselage at the wing
intersection. (See fig. l(c)). One advantage of a control of this
is that it could be used in conjunction with etiremely thin wings

on which it is difficult to mount conventional controls. The present
exploratory investigationwas limited to tests of a fusekge-mounted
spoiler at one location - the intersection of the fuselage and the wing
30-percent-chord line. Free-flight measurements were made of the rolling
effectiveness and drag over a hfachnuniberrange between 0.6and 2.o in
conjunction with a 600 delta wing and body combination.

The fligM tests were conducted at the Langley Pilotless Aircraft
Research Station at Wallops Island, Va. The supplementary tests of
various vane spoiler shapes were conducted in the preflight jet of the
Iangley Pilotless Aircraft Research Station at Wallops Island, Va.

A-i

At

b

CD

CF‘

SYMBOIS

inlet internal frontal area at inlet lip (for

total orifice throat area for one jet-spoiler
(on one wing), sq ft

total wing span, ft

Drag
total-drag coefficient, —

qs ‘

one wing), sq ft

configuration

jet-thrust-force

jet-thrust-force

lift coefficient,

Fcoefficient, —
piAt

coefficient (modified),
(Pi ‘FPa)~

Lift
qs

specific heat at constant pressure

orifice throat diameter, in.

jet thrust force acting parallel and opposite to jet flow, lb

gravitational constant, 32.2 ft/sec2
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wing incidence, deg

ratio of specific heats, 1.40 for air

Mach number

actual mass-flow rate through mnifold, slugs/see

ideal (isentropic)mass-flow rate, slugs/see

absolute pressure, lb/sq ft

mciielrolling velocity, railians/sec

wing-tip helix angle (rolJ3ng-effectivenessparameter), radians

dynamic pressure, lb/sqft

gas constant, 1,717 ft2/sec2 OF for air

total area of one wing to center line, ft2

total exposed area

temperature (460+

velocity, ft/sec

ideal (fsentropic)

of all tings, ft2

%), %

jet velocity at orifice

spanwise ordinate measured normal to model

increment

deflecticm, deg

manifold mass flow coefficient, ~

densi~, slugs/cu ft

throat, ft/sec

center line, ft

Subscripts:

i inlet mouth or stagnation conditions therein

t orifice throat or

a static conditions

static conditions therein

in the undisturbed free stream
.._-_.
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MODELS AND TEST TECHNIQUE

5

The rocket-propelJ-edtest vehicles”employedin this investigation
are illustrated in figure 2 and detiiled in figures 3, 4, and 5. Five
full-span jet-spoiler arrangements (mcdels 1 to 5) were tested at the
trailing edge of a constant-thiclmess,80° delta wing of aspect ratio 0.7.
(See fig. 3.) The magnesium wings were set at 0° incidence and welded
in a cruciform arrangement to a l-inch-diameter pointed cylindrical fuse-
lage. The maximum total frontal area of the inlets was approximately
7 percent of the total frontal area of the mdel. Tests were made for
two inlet sizes, three orifice diameters, and two values of orifice
spacing. (See fig. 3(b).)

The we-spoiler flight vehicle (model 6) consisted of fommagnes-
ium, 600 delta prm ting surfaces having mdified hexagonal sections
of constant thiclmess and set at 0° incidence near the rear of a 5-inch-
diameter fuselage. (See fig. ,4(a).) Two60°delta canard surfaces were
located forward on the fuselage and fixed at a smalJ deflection (5.30)
so that in flight the model trimned at a small angle of attack. Fkt-
phte spoiler seguents were welded to two of the four wings and arranged
to simulate one roll-control position of a vane spoiler.

The fhselage-spoiler test vehicle (fig. 5) consisted of two 600
delta wings having mcd.ifiedhexagonal sections of constant thickness
and set at 0° incidence on a 5-inch-diameter fuselage. The wings were
constructed or mahogany reinforced with aluminum inserts. me tail
assenkil.ywas free to roll relative to the fuselage to provide longitudi-
nal stability without introducing rolling moments. Two mcdels were
tested (mcdels 7 and 8). On mcdel 7 a plain spoiler was located at the
fuselage intersection of the wing 30-percent-chord line. Model 8was
similar except a fairing was added over the wing behind the spoiler to
improve the flow in this region.

All flight tests were conducted at the Langley Pilotless flirc~ft
Research Station at Wallops Island, Va. A two-stage rocket propulsion
system accelerated the mdels to the Mximum test hhch number in approxi-
mately 3 seconds. As the mcdels decelerated through the test Mach num-
ber range, measurements were made of the veloci~, with a C!WDoppler
velocimeter, and of rolling veloci~j with spinsondes and special radio
equipment. These data in conjunction with range measurements obtained
with an SCR 5& radar set and radiosonde measurements permitted an
evaluation of the Mach nuder M, the total drag coefficient CD, and

the wing-tip helix angle pb/2V, as functions of time.

h addition to the flight tests, supplemen~ tests of a number
of possible vsme-spoiler shapes were conducted in the preflight jet of

—-..— ---— .—— —._ —______ .—___ . . —. ._._
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the Iangley Pilotless Aircraft Research Station at Wallops Island, Va.
The test arrangement, illustrated in figure 6, consisted of a test wing,
a ball-bearing spindle, and an escapement device for controlling the
vane position. Provisions were made for obtaining time histories of
lift by means of strain gages and vane position by the use of a high-
speed camera and an electrical timing device. l?romthis information it
was possible to evaluate vane performance, measure the incremental lift
of the spoiler, and the time lag for & control to operate. The tests
were conducted at Mach numbers between 0.35 and 0.8 at 1.2, and at 1.6. ‘

The test Reynolds numbers for both the f14ght and tunnel tests are
presented in figure 7 as a function of Mach number.

ACCURACY AND CORRECTIONS

The flight-test results are believed to be accurate to within the
followlng %ts:

M- . .’.. . . ● ●

pb/2v. . ● ● . . .

m......”.

Subsonic I Supersonic ]

to.01 f-j.01

to.CQ3 fo.oop
~-j.003 *O.002

Small correctionswere made in the rolling effectiveness data by
the method of reYerence 3 to account for small variations in wing inci-

,>

dence (from 0°) due to construction inaccuracies. These corrections
were of the order of A(pb/2V) = *0.002. Slight corrections were also .

applied to the rolling-effectivenessd&ta of mcdels 1 to 5 to account
for the effects of model inertia when the mdlels were subjected to large
than es in rolling velocity.

7

These correctionswere generally less thsm
A(pb 2V) = 0.002.

RESULTS AND DISCUSSION

The results of the present investigation are presented in figures 8
to 18 for each of the three types of spoiler controls tested.

— ——
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Jet Spoilers

The zero-lift rolling effectiveness of full-span jet spoilers located
along the trailing edge of an 80° delta-wing, missile-@pe configuration
is presented in figure 8 as curves of pb/2V plotted against Mach num-
ber. NO supersonic data were obtained for model 5 because of a defective
rocket motor inside the mcd.el. As a result, the flight test for mcdel 5
was made at lower altitudes and at slightly higher Reynolds numbers than
for the other mcd.elstested. In general, the data for all configurations
show a peak in the effectiveness curves at high subsonic speeds. A com-
parison of tie results at any given B@ch number indicates that the rolling
effectiveness increased, though not proportionally, with increased orifice
throat area (models 1, 2, and 3). DoubMng the nuniberof orifices and
at the ssme time reducing their spacimg and size to maintain the same
total throat area resulted in little or no change in effectiveness
(models 2 and 4). At high wibsonic speeds a reduction in the inlet size
caused an unexpected increase in rolling effectiveness (models 2 and 5).
There is a possibili~ that this increase was causedby the change in
inlet shape or by the difference in Reynolds numbers at which the two
inlet configurationswere tested. (See fig. 7(a).)

An estimate of the jet-thrust-force contribution to the total rolling
effectiveness of the jet spoilers is presented in figure 9. These esti-
mates were based on some measurements of the jet thrust obtained for
various stagnation pressures at the manifold inlet. (See appendix and
figs. 10 and n(a).) The measurements were applied to actual flight con-
ditions at a given Mach number by use of conventional pitot-tube equations
which for M> 1.0 assume that a normal shock exists off the inlet mouth.
It was further assumed that the back pressure at the jet exhaust was
sensibly that of the undisturbed free stream, an assumption.necessitated
by a lack of experimental data on the effect of the jet on local wing
pressures. It is be~eved, however, that the error intrduced by this
assumption is small. The averaged results (fig. 9) show that the jet
thrust force accounted for between 10 and 25 percent of the total rolling
moment of the spoiler over the Mach number range tested.

b figure u the basic ro~g-effectiveness data from figure 8 for
three jet-spoiler configurationswhich are similar except in orifice-
throat diameter are cross plotted at constant Mach number against the
throat-area ratio At/Ai. The resulting curves are seen to be nonlinear.
One factor which contributes to this behavior is the difference that
exists in the manifold-flow losses resulting from differences in flow
velocity through the three manifold configurations. These differences
are accounted for in figure 13 by repotting the rolling-effectiveness
data of figure 12 against the effective throat-area ratio q(At/Ai),

where q is the flow coefficient for the ~icular manifold. The val-
ues of q (fig. n(b)) were derived in the appendix from ground tests
of each manifold and applied to the actual flight conditions at a given

-—— —.——-
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Mach nuniberby use of the conventionalpitot-tube equations and assump-
tions noted previously. l%@re 13 illustrates that a consideration of
the flow coefficients accounts for much of the nonlinearity observed in
figure 12. Since the effective throat-area ratio is proportional to the
jet mass flow for a particular inlet and inlet-stagnation conditions, fig-
ure 13 also indicates that the rold.ingeffectiveness is proportional to
the jet mass flow at sonic and supersonic flight speeds. At high subsonic
flight speeds the nonlinear variation of rolXng effectivenesswith mass
flow corresponds to a similar trend observed in the variation of ’rolling
moment with mass flow when similar jet spoilers were tested in the Iangley
high-speed 7- by 10-foot tunnel.

.

With regard to practical application of the jet spoiler as a pro-
portional control, the above analysis and figure n(b) indicate that it
may be advantageous to consider a constant-flow~—old system in order
to maintain a constant flow coefficient ~ for all control positions.
This system would be expected to have a more nearly linear response than
that obtained in the present tests. (See fig. I-2.) Figure ~(b) also
indicates that some improvement in the maximum rolling effectiveness may
be expected by using flow turning vanes to improve the manifold efficiency.

Figure 14 shows that the drag differpficesassociated with variations
in the jet size and spacing were negligible.

Vane Spoiler

Figure15 presents the free-fli@t rollinn effectiveness and drag
coefficient for a 600 delta-wing, missih-~ configuration employing
a lateral con@’c71which consisted of fixed (nonrotating)spoiler seg-
mentmsarranged in a manner to simulate a vane spoiler. The configuration
(mcdel 6) originated as part of another missile study to determine the
feasibility of’’vanesp6ilers as a control for a proposed missile-guidance -
system. (See ref. 2.) . The proposed system required, in addition to the
roll control, two canard surfaces fixed at a predetermined deflection so
that in fll-ghtthe missile trims at a small angle of attack and, when
rolling, follows basically a helical f~ght path. Since no flight measure-
ments were made of the angle of trim, the data in figure 15 are limited
to small but unhewn angles of attack. It is of interest to note, how-
ever, that positive lateral control was maintained throughout the test
~ch number range. The level of rolling effectiveness obtained at super-
sonic speed was considerably less than that at subsonic speeds, but was
estimated to be sufficient for guidance of the missile under consideration.

F&u-es 16 and 17 present the results of the supplementary testing
program to obtain a vane shape which would autorotate the spoiler. The
tests were conducted in the preflight jet of the Pilotless Aircraft
Research Station at Wallops Island, Va. with the arrangement illustrated

—. .. .. .
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in figure 6. The tests were made at hhch numbers between approximately
0.35 and 0.80 and at 1.2 and 1.6. The results showed that only the
S-shaped vane (nuniber1) was satisfactory at all test speeds. Ih refer-
ence 4 a similar vane was tested and found suitable at transonic speeds.
The time lag for the vane to rotate 9@ (and reverse the lift sense)
varied between 0.01 and 0.02 second, depending upon the Mach number.

Fuselage-Mounted Spoilers

Figure 18 presents the zero-lift rolling effectiveness and drag
coefficient for the fuselage-mounted-spoilerconfigurations. The spoilers
were located at the intersection of the fuselage and the wing 30-percent-
chord line. The test results indicate that, in view of the changes in
roll direction, these spoilers were not satisfactory at all test Mach
numbers.

CONCLUDING REMARKS

lm explorato~ investigation of the rolling effectiveness and drag
coefficients of three types of spoiler controls having low actuating-force
requirements was conducted by means of the rocket-model technique. lZree-
flight tests were made of trailing-edge jet spoilers, a simulated vahe
spoiler, and fuselage-mounted spoilers in conjunction with missil.e-@pe
wing-baiy combinations over a general Mach number range between 0.5
and 2.0.

The results show that both the jet- and vane-spoiler configurations
provided positive roll control over the test Mach number range. The
fuselage-mounted spoilers, which were located at the fuselage intersection
of the wing 30-percent-chord line, were not satisfactory at all test Mach
nuuibersbecause of changes in ro12 direction.

The full-span jet spoilers were tested at zero lift in conjunction
with a simple inlet located at the wing tip. Changes made in the ori-
fice arrangement indicated that the rolling effectiveness increased non-
linearly with increased orifice throat =ea. These nonlinearities were
caused largely by differences in the manifold flow coefficientswhich
occurred as a result of the changes in orifice area. No significant
change in rolling effectivenesswas obtained by increasing the linear
number of orifices (by reducing the spacing) provided the total throat
area remained constant. The jet-thrust contribution to the total rolling
effectiveness of the jdt spoiler was estimated to vary between 10 and
25 percent, depending upon the Mach number. Changes in the total drag
coefficient resulting from changes in the orifice geometry were negligible.
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For the vane spoiler, a supplementary investigation of a number
of rotating-vane shapes disclosed that only the S-shapd vane would
autorotate satisfactorily at both subsonic and supersonic speeds.

Langley Aeronautical Laboratory,
National Advisory Conmittee for Aeronautics,

Langley Held, Va., June 27, 1955.
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APPENDIX

DETERMINATION OF THE JET THRUST AND Fli)WCOEFFICIENTS

FOR THE JET-SPOILER COIIFIGURATIONS

h order to determine some of “themass-flow characteristicsand the
part of the spoiler rolling effectiveness due to jet thrust, manifolds
similar to those employed on models 1, 2, 3, and 5 were connected to a
compressed-air supply for pressure and jet-thrust measurements. The
arrangement consisted of a throttling valve to regulate flow rate and
approximately 4 feet of flexible ducting between the valve and the mani-
fold entrance. Pressure measurements were made of the stagnation pres-
sure Pi at the manifold entrance by means of a small pitot tube, and

of the atmospheric pressure, Pa. Thrust measurements were obtainedby

means of a SMIIL beam balance.

Manifold-Pressure Survey

With steady-flow conditions established, a spanwise survey of the
local static pressure within the manifold near the orifices was conducted
to provide an indication of the local jet effectiveness along the span.
The averaged results are presented in figure 10 as a fraction of the
inlet stagnation pressure, Pi. Results show little spanwise variation

in static pressure when orifice area was small rehtive to inlet area,
indicating that all jets were nearly equal in effectiveness. -

When the orifice area approximately equaled the inlet area
(At/Ai = 0.96), however, large spanwise pressure ~adients occurred

which were probably caused by the high flow velocities and increased
turbulence in the vicinity of the manifold elbow (see manifolds 1 and 5).
hstalling a turning vane in the elbow to improve the flow in this region
(model l-a) resulted in a higher static-pressurerecovery and a smoother
spanwise pressure gradient.

Jet-Thrust Coefficients

Since the thrust produced by a gas expanding through a nozzle to
the atmosphere depends primarily upon the throat area At, and the stag-

nation pressure at the nozzle inlet Pi,’it is generally customary and

convenient to define the thrust-force coefficient, CF) in these terms:

..— ___ _______ —-. .- -.-.-—. _ ————_ —
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(Al)

where F is the total measured thrust force in pounds acting along the
jet axis in a direction opposite to the jet flow. An analysis of the
test data revealed that the thrust force varied almost linearly with Pi,

becoming zero when Pi was equal td the atmospheric or back pressure Pa
to which the jets exhausted. in order to account for slight changes in
the
the

the

back pressure Pa which occurred during the tests, and to improve

data presentation, both sides of

dimensionless ratio
()

pi :

P~- Pa”

equation (Al) were multiplied by

Thus

()PiCF
F

Pi - Pa = (Pi - Pa)At - “
(A2)

where ~‘ is the mcdified thrust-force coefficient. l?lguren(a) pre-

sents values of ~’, plotted as a function of the inlet stagnation pres-
Pf

sure ratio
~“

It can be seen that the smallest jets (manifold 3) were

the most effective in terms of}ounds of thrust prcduced for a given jet
area. The addition of a turning vane to manifold 1 increased the meas-
ured thrust approximately 10 percent. (See curves for model l-a.)

Mm.ifold Flow Coefficients

On an assumption that the nonlinearities in the curves presented
in figure 12 may be caused by differences in the flow losses within the
manifold, estimates were made of the manifolilflow coefficients in order
ti accOUnt for these differences. The flow coefficient, q, iS deftied
as the ratio of the actual mass flow, m, to the ideal mass flow m’
obtained by means of an isenizropicexpansion from the same upstream
s=gnation conditions:

(A3)

Thus q is a measure of the manifold efficiency and (1 - ~) a measure
of the flow losses. The ideal mass flow mt was calculated from the
equation of continui@:

.

—
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(A4)m’ = Ptvt‘~ (see sketch)

Wet plane

&

Manifold
Orifices (minimum section)

——— —.

[H I

\
Reservoir

\. ——— — ~YJet i

(i) (t) (a)
v~=o Vt ‘ Pa

Pi Pt Ta

Ti Tt Pa

Pi Pt

If one-dimensionalflow and an isentropic expansion of a perfect gas
from station (i) to station (t) is assumed, then from the perfect gas
law and isentropic flow re~tions the following relations exist:

P= PRT

~ = constant
pk

and the adiabatic perfect gas energy equation

CpTt + Vt’2/2 = CpTi

The ideal throat veloci~ for isentropic flow

(4L5)

(A6)

is:

(A7)

is:

‘tf=m
Substituting equations (A5) - (A8) into equation (A4) yields:

ml =W)%j+t$q

(A8)

(A9)

. — - .—— .—.——————..- —— —c .... .. __ ——-—
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Ih equation (A9) conditions at the threat (t) may be related to free-
stream conditions (a) by the relations:

P* = Pa (for subcritical flow at the thr~t; pi/pa <l.89)

(Ale)

pt = O.528Pi (for critical flow at the throat; pi/pa ~l.89)

(All)

In equation (All) critical flow in the minimum section exists when the
jet velocity equals the local velocity of sound. When this occurs, the
mass flow is independent of the back pressure} Pa.

The actual mass flow m (equation (A3)) WM estkted from the
measured total thrust force F and the following equation which may
be derived from the steady-flow impulse and momentum relat’ion:

F= mVt + At(Pt - Pa) (Al@

where Vt is the actual jet velocity. Substituting equation (Al) into

(AJ2) and rearranging yields:

(A13)

.

Because of the difficulty in measurti Vt~ mlues of Vt’ ob~ined from

equations (A8), (AIO), and (All) were used. The resulting error in m
is be~eved to be small and for the purpose of this analysis may be neg-
lected. Combining equations (A3), (A8) to (AU-), and (A13) results in:

.

Pi/Pa Pi
for

k-1
~< 1.89

[) 1

a
PiT-l

~

(A14)

1( 10.528Pi/pa- I Pi
v = 1.352 CF - for — ~ 1.89 (~5) .

Pi/Pa Pa

.

.
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figure n(b) presents values of q plotted against the inlet stagnation
pressure ratio, Pi/Pa. The relatively low mass-flow efficiency of the

large-orificemanifold reflects the high losses due to high flow veloci-
ties in the manifold. The flow efficiency of manifold (1) was improved
approximately 10 percent by the addition of a flow turning vane inside
the elbow.

—.. . . — —- ——..—..-—_ . -_ -—_____ - .- .- .. — —— —-.. . —.
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F-low

Ink+ ,

wing

(a) Jet spoiler.

Lower vane

(b) Vme spoiler.

Spoi/er

‘1

17

(c) Fuselage-momted spoiler.

Figure 1.- Three types of spoiler controls haviW3 potentia low
actuat--force requirunts.
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(a) Typlce.1Jet-spoiler configuration (model 3).
Inset shows front quarter closeup of inlet.

.
Figure 2.- Photqraphs of typical flight configorat ions.
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L-77361.1

(%) Vane-spoiler confi~ation with booster

on launchx stand (mo~l 6).

Figure 2.- Continued.
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(c) Fuselage-mounted-spoiler configuration (model 7). L-79049 .1

bet shows front quarter closeup of spoiler plate.

I

Figure 2.- Concluded.
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~3dt-inch rocket motor (second ~tagc).

(a) Typical test vehicle.
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7400 d%n.

Figure ~.- Iktaila of the Jet-spoiler configuration. All Mmensiona are

in Inches.
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(b) Jet-spoiler configurationstested.

Figure 3.- Concluded.
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Figure 6.- Typical arrangement of vane spoiler on test wing mounted

before the preflight jet of the Iangley Pilotless Aircraft Research
Station at Wallops Islsmd, Va. All Umensions are in inches.
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Figure 7.- Variations of
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Figure 8.- Variations with Mach number
tiveness of jet spoilers located at

b – 0.76 foot.cruciform wings; ~ –
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the trailimg edge of 80° delta
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Figure 9.- Estimated fraction of the total rolling effectiveness
contributed by the jet-thrust-force component; models 1> 2) 3)
and 5.
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Flexible duct from air supply

Inlet plane

Turning vane on

I
model 1-a only
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Figure 10.- Spanwise static pressure distribution inmadfoldne=
orifices as determined from ground tests. Curves averaged from

Pi
data of several runs over the range 1.2 <~ <4.1 at sea level.
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(a) Jet-thrust-force coefficients.
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(b) Mass-flow

Figure Il..- Variations of the thrust
pressure ratio Pi~a as derived

configurations.
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Pi/PQ

coefficients.

and mass-flow coefficientswith the
from ground tests of the jet-spoiler
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At/Ai

Figure 12. - Variation of the rolling effectiveness of the jet spoiler
with orifice-throat-arearatio for models having the same inlet con-
figuration. Models 1, 2, and 3.
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Figure 13. - Variation of the rolling effactiveness of the jet spoiler
tith the effective throat-area ratio for models having the same inlet
configuration. Models 1, 2, and 3.
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pb/2V

M

(a) Rolling effectiveness.

.
.

-.4 .6 .8 Lo 12 L4 1.6 1,8

M

(b) Total drag coefficient.

Figure J5.- Variations with Mach number of the rolling effectiveness and
drag coefficient for the fixed-vane-spoiler configuration at a small

but unlmown angle of attack; ~cmrd = 5.3°; ~=1.04 feet.
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Conditions
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satisfactorily. at other speeds
Vane oscillated
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Flow separation
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Vane stabilized
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Figure 16.- Vane-spoiler configurationstested in the preflight jet of
the Langley Pilotless Aircraft Research Station at Wallops Island, Va.
Dimensions are in inches.
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(a) Typical the histories of the average measured lift coefficient of the
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(b) Variations with Mach number of the measured incremental.lift coeffi-
cient of the vane spoiler and the lag between vane release and lift
response. Data at M = 1.6 for spoiler 2; other-data for spoiler 1.

Figure 17.- Test results for vane spoilers 1 and 2 obtained in the pre-
flight jet of the Langley Pilotless Aircraft Research Station at
Wallops Island, Va. Lift coefficientbased on wing plan-fore area
titti Jet (0.232 ft2). Spoiler height = 0.2 chord; span,
s = 2.4 x spoiler height.
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(a) Rolling effectiveness.
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.6 .8 Lo 1.2 1.4 1.6 1.8 20

M

(b) Total drag coefficient.

Tigure 18. - Vsriations with Mach nuriberof the zero-lift rolling effec-
tiveness and drag coefficient for the fuselage-mounted-spoilercon-
figurations;b/2 = 1.01 feet.
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